2) Ni dispersion in samples after complete oxidation of La at 623K was greater in the order LaNi5>La2Ni7>LaNi3>LaNi. This order was found to result from differences in the oxidation rates.
found to result from differences in the oxidation rates. 3) Turnover frequency calculated from the synthesis gas reaction was greater in the order LaNi>LaNi3>La2Ni7>LaNi5 , and this can be attributed to the difference in the degree of defects, which varies with oxidation rate. [K]
[-] H a S v P a CO Ni atomic percent oxidation rate parameter in Eq. (3) Ni dispersion stoichiometric coefficient [%] [-] [-] mole density of solid particle [mol -m 3-solid] conductivity [Q~1 à" m~1] dimensionless weight ( = A W/Wo) [-] Literature Cited 1) Buschow, K. H. J. and H. H. Van Mai: /. Less-Common Metals, 29, 203 (1972) .
2) Hunter, L. P.: "Handbook of Semiconductor Electronics," p.
202, 2nd ed., McGraw-Hill (1962) .
3) Katou, T. and H. Yanagida: "Rare-earth," p. 262, Gihou-
Introduction
The kinetics of metal extraction by chelating agents is essential in solvent extraction and liquid membrane operations. In most cases the extraction rate of metal ions is a function of both the kinetics of chemical reactions taking place in the system and the rates of diffusion of the species between the two phases. 3,io,u,i3,i8,i9) jhese metals mainly consist of the first-row transition elements,1*10*11'13'18* actinides3) and aluminum.19* Of these papers, studies concerning copper, nickel, cobalt and iron are specially emphasized.11'13'18* In the case of zinc, only Ajawin et al. have measured the extraction rate using a constant inter facial area cell,1* though solvent extraction techniques have been successfully applied on a commercial scale to recover zinc from secondary materials and wastes.6* In their study, the backward (stripping) kinetics was ignored and the effect of ionic strength on the extraction rate was not fully investigated.
In the present work, the initial extraction and the initial stripping rates were measured independently, using a constant inter facial area cell. The resulting mass-action constants were comparedwith the extraction constant obtained in the previous studies.9* The contribution of diffusional resistance to the observed rate was estimated and the location where the chemical reaction might be occurring was identified. Based on the experimental data, the reaction mechanismfor the formation of zinc complex in the aqueous phase, and the nature of D2EHPA and zinc-D2EHPA complex formed in the organic phase, an extraction mechanism of zinc from sulfate medium with D2EHPAin kerosene is proposed.
1. Experimental
Experimental apparatus
The constant inter facial area cell used is shown in Fig. 1 inorganic chemicals used were analytical grade. In the extraction process, the aqueous solution was prepared by dissolving zinc sulfate in distilled water, to which 0.5moI/dm3 (Na, H)SO4 was added except for the investigation of the effect of total sulfate concentration on the extraction rate. The concentrations of zinc in the aqueous solution were in the range of 9.0x lO"4 to 1.15x 10"2mol/dm3 and the aqueous pH values ranged from 2.3 to 3.0. The organic solution was prepared by diluting D2EHPA in kerosene. The concentrations of dimeric D2EHPA were intherange of2.5 x 10~3 to 1.0 x 10"2mol/dm3. In the stripping process, the aqueous solution was complex in the organic solution were in the range of 5.1 x 10"4 to 3.8x 10"3mol/dm3, in which the conversion of D2EHPA in the organic solution was made less than 26% to maintain the extracted species as ZnR2à"RH,which was found in our previous study.9) 1.3 Experimental procedure The initial extraction and stripping rates were separately measured by the following procedure. An aqueous solution having a volume of 60cm3was first placed in the cell, and then an equal volume of the organic solution was carefully poured into the cell in order to minimize any disturbance at the interface. The timing was started upon addition of the organic solution. Samples (1-2cm3) were taken at certain time intervals from the appropriate phase. The weighed organic sample was stripped with 20wt%nitric acid and the resulting aqueous phase was analyzed. The concentration of zinc was determined using an I-L 551 Atomic Absorption Spectrophotometer at 213.9nm, coupled with background correction. The operating temperature was kept at 25±0.2°C by circulating constant-temperature water around the cell.
Results and Discussion
2.1 Determination of initial extraction and stripping rates Typical values of the amount of zinc in the initially zinc-free phase and the contact time for the extraction and stripping processes are shown in Figs. 2 and 3, respectively. All the points are seen to lie on respective straight lines passing through the origin. In the extraction process, data were taken over only a small fraction of the approach to equilibrium, usually less than 5%, so that the backward reaction and the change in free D2EHPA concentration were both negligible. However, this restriction was slightly released in the stripping process because the stripping rate was nearly one order of magnitude greater than the extraction rate. Initial extraction and stripping rates were calculated from the slopes of these straight lines according
Contribution of diffusional resistance
The effect of stirring speed on extraction rate is shown in Fig. 4 . It is found that the extraction rate increases as the stirring speed is increased from 30 to 80rpm but is nearly constant in the range of stirring speed from 90 to 120rpm. Furthermore, the rate is further increased as the stirring speed exceeds 140rpm. The independence of extraction rate from the stirring speed suggests that the resistance of diffusion can be ignored in comparison with that of chemical reactions. Accordingly, a stirring speed of 1 10rpm was selected in this study. osene is a saturated hydrocarbon containing chiefly 10 to 16 carbon atoms of the alkane series per molecule, it is reasonable to estimate the other physical properties according to those of the^z-dodecane diluent. Hence, the diffusivity of acetic acid in kerosene, Do, is estimated to be 9.4 x 10~10m2/s by using the Scheibel method recommended by Reid et al., 11] and the inter facial tension, a, is obtained as 3.8 x 10"2N/m by comparing the values given in various systems.2) Under these conditions the value of (RHh calculated from the correlation obtained by Asai et al2) is 4.7x lO~6m/s. The calculated maximum transfer rate, N, is 3.2x 10~5mol/m2-s and the measured extraction rate, R, on the average is 3.0x lO"6mol/m2-s for [(RH)2]=10mol/m3. The former is found to be nearly one order of magnitude greater than the latter. A similar result was also obtained by Komasawa and Otake, 13'14) and by Danesi et al5) The effect of inter facial area on the extraction rate is shown in Fig. 5 . It is evident that the extraction rate is proportional to the inter facial area. This result, together with the wide region of almost complete independence from stirring speed described as above, indicates that the extraction reaction is very likely to be inter facial. 13'18) From the nature ofD2EHPA such as inter facial activity and extremely low aqueous distribution, this conclusion is valid.
Extraction kinetics
The effect of zinc concentration on the extraction rate is shown in Fig. 6 . It is found that the extraction rate is proportional to the zinc concentration. Figure 7 shows the effect of dimeric D2EHPA concentration on the extraction rate and indicates 1.5-power dependence with respect to the dimeric D2EHPAcon-centration. The effect of hydrogen ion concentration on the extraction rate is shown in Fig. 8 , indicating that the extraction rate is inverse second-order to the hydrogen ion concentration. The effect of total sulfate concentration on the extraction rate is shownin Fig.  9 . It is found that the extraction rate is nearly constant at low sulfate concentrations but decreases with increasing total sulfate concentration at high sulfate concentrations. This phenomenonwas also found in the extraction of chromium (III) 
Stripping kinetics
In this work, the observed stripping rate, R\ on average is 7.0x 10~6mol/m2-s, and is equal to onefifth of the maximumtransfer rate, N. Obviously, the contribution of diffusional resistance to the stripping rate is greater than that to the extraction rate. As noted by Komasawa and Otake, 13 ) the diffusional resistance is also considered to be small in the present work. The effect of zinc-D2EHPAcomplex concentration on the stripping rate is shown in Fig. 10 found that the stripping rate is first-order with respect to the zinc-D2EHPAcomplex concentration. The effect of free D2EHPA concentration on the stripping rate is shown in Fig. ll . It is evident that the stripping rate is independent of the free D2EHPA concentration. The effect of hydrogen ion concentration on the stripping rate is shown in Fig. 12 , which also indicates that the stripping rate is unaffected by hydrogen ion concentration in the range observed. The effect of total sulfate concentration on the stripping rate is shown in Fig. 13 . It is also found that the stripping rate is independent of the total sulfate concentration. From the above results, the initial stripping rate can be expressed as
and k' =(2.66+0.16) x l(T5 (dm/s) 2.5 Proposed reaction mechanism For the kinetics of metals extraction by alkylphosphoric acids, Coleman and Roddy3) have discussed the complicated nature of the extraction mechanisms. For D2EHPA, Roddy et al.18 ) studied the kinetics of iron extraction from perchlorate medium.In contrast to the independence from acidity of the extraction rate, they suggested that iron could not react with the unionized D2EHPAbut reacts only with the anions, R~(at low D2EHPAconcentration) or R2H~(at higher D2EHPAconcentration), because of the decrease of iron extraction rate with increasing aqueous acidity. Effect of D2EHPA concentration on stripping rate.
In this paper the mechanism is deduced so that it may simulate the experimental results, i.e., Eqs. (1) and (2). The dimeric D2EHPA, (RH)2, diffuses to the interface where it dissociates and ionizes, i.e.,
The hydrated zinc ion reacts with the anion, R2H~, at the interface to form the neutral species. This replaces its coordinated water molecules with free D2EHPA molecules, RH, to form the final species which diffuses to the bulk organic phase. Zn(H2O)4+2 + R2Hr ;=±Zn(H2O)3+2 à" 2Rr
Zn(H2O)3+2-2Ri +RHi^=± ZnR2 RH+3H2O (6) The characteristics of the proposed kinetic mechanism are these:
(i) The specieswhichreacts withzinc ionis R2Hf.
The rate-determining step is the reaction of the outersphere complex Zn(H2O)3+2 -2Rr with RHi? i.e., Eq. (6).
This mechanism differs from that by Komasawaet al.13) in that the species which reacts with zinc ion is R2H2in the latter mechanism. Only if the data on the relation between the inter facial tension and pH are available is there a possibility of deciding whether the adsorbed species is R2H~.
As deduced elsewhere,1'18'19* however, the ionization of dimeric D2EHPAmolecules adsorbed at the interface (i.e., reaction (4)) at any moment is constrained to a corresponding equilibrium. Sato et al.19) estimated the value of K2 to be about 10~5 moI/dm3
for the water-kerosene system by assuming that
[R^H-Ji is equal to the hydrogen ion concentration in the aqueous bulk solution. However, the value of K2 may be virtually greater than 10~5 mol/dm3 because the inter facial pH is significantly lower than the bulk pH in the electrolyte-free aqueous solution,1} as employed by Sato et al. Ajawin et al.1] indicated that D2EHPAcan ionize at lower bulk pH when the ionic strength of the aqueous solution is moderate and high, as employed in the present study, because the difference between inter facial and bulk activity of the hydrogen ion could be negligible.
If the effect of [SO^2] is not considered, the rate expression can be derived as
The mass-action constant is obtained from Eq. (7) The overall extraction stoichiometry has been found to be9) Zn +2 +1.5(RH)2^=±ZnR2à"RH+2H+ , Kex (9) The mass-action constant, k4K{/2K2K3/k_4, ought to correspond with the extraction constant, Kex. The value of Kex determined in the previous study is (9.45+0.82 10~3 (mol/dm3)1/2. It is found that the extraction constant is about four times greater than the massaction constant. A significant variation was also found for the copper and cobalt extraction with D2EHPAin^-heptane and toluene,13) in which the differences are three to five times. However, the results obtained from equilibrium were still considered to agree with those from kinetic studies.
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The kinetic behavior of zinc extraction with D2EHPA in kerosene was investigated using a constant inter facial area cell, and the following information was obtained.
(1) The initial extraction rate and initial stripping rate were expressed as Eqs. (1) and (2), respectively under the experimental conditions studied.
(2) The initial extraction rate was unaffected at first and then decreased with increasing total sulfate concentration. The initial stripping rate was unaffected in the whole range of total sulfate concentration observed.
(3) A simple reaction mechanism for the interfacial complexformation was proposed, and a rate expression was derived as shown by Eq. (7). (3) and (4), respectively [mol/m3] K3 = equilibrium constant defined by Eq. (5) [-] Kex = extraction constant defined by Eq. (9) [(mol/m3)1 /2] k = apparent extraction rate constant defined by Eq. Eng. Res. Des., 61, 62 (1983) .
2) Asai, S., J. Hatanaka and Y. Uekawa: /. Chem. Eng. Japan, 16, 463 (1983) .
Introduction
Vapor-liquid equilibrium data at elevated tempera- A static method has been commonlyused for the measurement of vapor-liquid equilibria at high pressures and has allowed the collection of accurate data in the relatively low temperature range. However, since long residence time is required to attain equilib- Received January 11, 1986 . Correspondence concerning this article should be addressed to S. Saito. 386 rium state, the static method has a disadvantage for measurement at high temperatures, where thermal decomposition of the components may occur. To overcome this disadvantage by minimizing the residence time of the sample in the high-temperature range, several flow apparatuses have recently been proposed.1'6) In this work, a new flow-type apparatus was developed and used to collect vapor-liquid equilibrium data at elevated temperatures and pressures. Figure 1 is a schematic diagram of the flow-type
Experimental Apparatus and Procedure

